The extracellular matrix (ECM) provides an essential structural framework for cell attachment, proliferation, and differentiation, and undergoes progressive changes during senescence. To investigate changes in protein expression in the extracellular matrix between young and senescent fibroblasts, we compared proteomic data (LTQ-FT) with cDNA microarray results. The peptide counts from the proteomics analysis were used to evaluate the level of ECM protein expression by young cells and senescent cells, and ECM protein expression data were compared with the microarray data. After completing the comparative analysis, we grouped the genes into four categories. Class I included genes with increased expression levels in both analyses, while class IV contained genes with reduced expression in both analyses. Class II and Class III contained genes with an inconsistent expression pattern. Finally, we validated the comparative analysis results by examining the expression level of the specific gene from each category using Western blot analysis and semiquantitative RT-PCR. Our results demonstrate that comparative analysis can be used to identify differentially expressed genes.
INTRODUCTION
Most human cells are capable of only a finite number of cell divisions before entering a non-dividing state, referred to as replicative senescence (Hayflick and Moorhead, 1961 ). In contrast to dividing cells, senescent cells display characteristic phenotypic alterations such as an increase in the expression of cell cycle inhibitory molecules (Demidenko and Blagosklonny, 2008) , a large and flat morphology (Cho et al., 2004) , higher senescence-associated β-galactosidase activity (SA-β-gal) (Dimri et al., 1995; Kang et al., 2009) , accumulation of oxidative damage (Harman, 1956) , hypo-responsiveness to growth factors (Kim et al., 2010) and apoptotic resistance (Ryu et al., 2008) . In various cellular processes, morphological changes play an important role in cellular function. However, the mechanisms underlying these morphological changes have not been determined, even though these morphological changes may limit the intrinsic functions of the cells. Furthermore, cellular senescence has been suggested to reduce the risk for neoplastic transformation by preventing cell proliferation (Campisi, 2005) .
Recently, however, senescent cells have been proposed to have an effect on surrounding tissues. Secretion of vascular endothelial growth factor (VEGF) by senescent fibroblasts at much higher levels than those seen in presenescent fibroblasts was demonstrated to stimulate tumor vascularization in aged mice, facilitating age-associated cancer development (Coppe et al., 2006) . Additionally, other secreted factors (e.g., senescence-associated secretary phenotype, IL-6, IL-8, and MMP3) from senescent fibroblasts have been shown to induce a proinflammatory state in the cellular environment (Rodier et al., 2009 ). An inflammatory microenvironment might affect the development of cancer in vivo via an innate immune response (Ren et al., 2009 ). In addition, cells can influence their own or their neighbor's microenvironment through the synthesis and secretion of a variety of extracellular matrix (ECM) components. In the early 1980s, Bissell et al. proposed that the ECM contains key signaling molecules that are crucial for normal cellular function (Bissell et al., 1982) . The ECM functions as a critical source for cell growth, survival, and motility (Bissell et al., 1982; Fidler, 2002) . Furthermore, it has been demonstrated that in supplemented ECM cultures, healthy breast cells changed morphologically, whereas cancerous cells formed a tumorous mass (Petersen et al., 1992) .
During aging, changes occur in the ECM, which provides a structural framework for cell attachment and determines cellular morphology. For example, during senescence, the ECM becomes less soluble and proteolytically digestible and heat denaturation takes longer (Sell and Monnier, 1989) . These changes are thought to result from the formation of age-related intermolecular cross-links. Because senescence is associated with changes in the ECM, it is important to define these changes to determine their effects on cell attachment, differentiation, and phenotype. Although changes in cells that occur as a result of aging have been investigated by many researchers, few groups have focused on evaluating changes in ECM components during aging (Pagani et al., 1991) .
Comparative proteomics is an exciting new research approach that utilizes mass spectrometry data. Comparative proteomic analysis of primary biological materials would benefit from uncomplicated experimental work-flows capable of evaluating an unlimited number of samples. In this report, we describe how we applied label-free proteomics to quantitatively analyze the cell matrix of young and senescent cells. This type of research enables genomic and proteomic annotations on a genomic scale. Several comparative proteomic methods such as Differential Gel Electrophoresis (DIGE) (Capitanio et al., 2009) , labeling, and label-free methods have been developed. Numerous independent studies have shown that label-free approaches that use the inherent quantitative information in LC-MS/MS data are suitable for quantitative proteomics. In this study, we applied one of the label-free methods, namely "peptide counting", to search databases (Wienkoop et al., 2006) . Due to the higher abundance of peptide analysis results obtained with LC-MS/MS, proteins are more likely to be detected in database searches. Peptides are identified by the fragmented ions obtained from the collision cell of a tandem mass spectrometer, and the amino acid sequences are identified using database search engines such as MASCOT.
High-throughput screening methods including microarray or proteomic analysis are commonly used to elucidate global gene expression profiling; however, the screening results are not often consistent with conventional analysis results such as Western blot. To obtain more reliable data, the screening results from microarray and proteomic analysis can be combined. In this study, to identify changes in the expression of extracellular matrix proteins between young and senescent fibroblasts, we compared proteomic results with microarray results, and validated our findings for a subset of differentially expressed genes using Western blot analysis and semi-quantitative PCR.
MATERIALS AND METHODS
Reagents and antibodies DMEM, FBS, penicillin, and streptomycin were purchased from Gibco/BRL Life Technologies, Inc. (USA). Monoclonal antibodies against Tropomyosin 3 (TPM3) and Microtubule-actin crosslinking factor 1 (MACF1) were obtained from Santa Cruz Biotechnology, Inc. (USA). Fibrillin 2 (FBN2), dynein axonemal heavy chain 9 (DNAH9) antibodies were purchased from Chemicon (USA). HRP-conjugated anti-rabbit and anti-mouse secondary antibodies were acquired from Vector Laboratories (USA). A protein assay kit was purchased from Bio-Rad Laboratories (USA) and the ECL system and Amersham hyperfilm™ ECL were obtained from GE Healthcare (UK). Protease inhibitor cocktail set I was purchased from Calbiochem (Germany), the BCA™ Protein Assay Kit was purchased from Pierce (USA), and the 1 kDa cut-off Centricon filter was obtained from Millipore (USA). NuPAGE ® Novex 3-8% Tris-Acetate gels were obtained from Invitrogen (USA).
Cell culture and ECM protein preparation Primary human fibroblasts were isolated from newborn foreskins as described previously (Boyce and Ham, 1983) , and maintained in Dulbecco's modified Eagle's medium containing 10% fetal bovine serum and antibiotics. Intracellular components of young cells from the early stage of culture (passaged less than 9 times) were compared with those of senescent cells (cells at passage 31 or higher). Senescent cells had an altered morphology, enhanced β-galactosidase activity, and a reduced rate of proliferation (Yeo et al., 2000) . ECM extracts were prepared from cultured young and senescent human diploid fibroblast cells (HDF) as described previously (Pflieger et al., 2006) . In brief, the matrices that remained after removing HDF cells by trypsinization were scraped off the culture plate and resuspended in 10 mM Tris-HCl buffer (pH 7.2) containing 1% Triton X-100, 10% glycerol, 5% SDS, 100 mM DTT, and 1% protease inhibitor cocktail set I. Protein concentration was estimated using the BCA™ Protein Assay Kit. Filtrates were passed through a 1-kDa cut-off Centricon filter, dried using a speed vacuum dryer, and stored at -70°C prior to LC-MS analysis.
Senescence-associated β-galactosidase staining Senescent cells were washed with phosphate-buffered saline (PBS) and fixed for 35 min at room temperature in 3% formaldehyde in PBS. After washing with PBS, cells were incubated at 37°C with fresh senescence-associated β-galactosidase staining solution (1 mg/ml 5-bromo-4-chloro-3-indolyl-D-galactopyranoside (X-gal), 40 mM citric acid/sodium phosphate, pH 6.0, 5 mM potassium ferrocyanide, 5 mM potassium ferricyanide, 150 mM NaCl, 2 mM MgCl 2 ). Sixteen hours later, senescent cells were identified under a light microscope.
Microarray analysis of the ECM Human twin 8 K cDNA chip (Digital Genomics, Korea) was used for the transcription profiling analysis. RNA from senescent cells was labeled with Cy5-dUTP by reverse transcription and RNA from young cells with Cy3-dUTP. Labeled products were set onto cDNA chips and hybridized at 65°C for 16 h using a hybridization oven. Following wash, fluorescent images were quantified and normalized, as described previously (Rhim et al., 2009 ).
Proteomic analysis of ECM extracts
Aliquots of 50 μg of protein per group were loaded onto Nu-PAGE ® Novex 3-8% Tris-Acetate gels. After electrophoresis, gels were fixed in 30% ethanol/7.5% acetic acid for 2 h followed by staining with CBB R250. Each gel lane was cut into 12 pieces according to band intensity and molecular weight. Gel pieces were excised with a razor knife and transferred to new eppendorf tubes. Sliced gel pieces were washed with 10 mM ammonium bicarbonate (ABC) and 50% acetonitrile and incubated in tryptic digestion buffer containing 50 mM ABC, 5 mM CaCl 2 , and 1 mg/ml trypsin at 37°C for 16 h. Peptides were recovered by two cycles of extraction with 50 mM ABC and 100% acetonitrile. The resulting peptide extracts for each band were pooled, lyophilized, and stored at -20°C prior to LC-MS/MS analysis. Lyophilized peptide extracts were dissolved in 0.1% formic acid and analyzed by LC-MS/MS as described previously (Kim et al., 2005) . A microcapillary column (75 μm × 150 mm) packed with C 18 silica resin was used for LC separation. Eluted peptides were applied to a 7-Tesla Fourier Transform-Ion Cyclotron Resonance (FT-ICR) MS (Thermo, USA). The MS peptides were identified by searching against the human database of the International Protein Index (IPI) hosted by the European Bioinformatics Institute (http://www.ebi.ac.uk/IPI)
